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NATTORAL ADVISORY COMMITTEE FOR ARRONAUTICS
ADVANCE' RESTRTCTED REPORT

COMPARATIVE COOLING OF CYLINDERS OF NONUNIFORM FIN WIDTH
_WITH TIGHT-FITTING BAFFLES AND WITH BAFFLES TEHAT
PROVIDE CONSTANT FLOW-PATH AREAS

_ By Oscar W. Schey, Vern G. Rollin, and
Howard A. Buckner, dJr,

SUMMARY

An examination of the cooling fins on several modern alr-cooled
engine cylinders slowed large restriotions in the alr-flow passages
between individual fins, especlally around the intake and exhaust
ears of the cylinders, vhen baffles that were in close contact with
the fins were used, Tlght-fitting bafiles, of HACA design, for a
cylinder from a Wright R-1820-F engine and for a cylinder from a
Pratt & Whitney R-2800-21 englne were altered to maintaln a constant
free-flow area fram the front to the rear of each lnterfin air pas-
sage, Hach cylinder was mounted on & single-cylinder crankcase and
tested, first with the tight-fitting baffles and then with the altered
baffles. Tests at sea-level conditlons were made at constant Indi-
cated horsepowers of 66 for the Pratt & Whitnoy cyllinder and 80 for
the VWright cylinder (approximetely crulsing powe:r in each case) with
a fuel-alr ratio of 0.08., The cooling-alr pressure drop was varied
from 2 to 30 inchos of watsr. Temperatures were msasured at 22 points
on the cylinder head, at 10 points on the cylinder barrel, and at
2 points on the cylinder flange.

The results of this investigation showed that, by modifying
tight-fitting baffles to maintaln a constant free-flow area from the
front to the rear of each interfin air passage, the weight of cooling
air flowlng over the cylinder heads for a glven pressure drop was
incroased approximately 35 percont for the Wright R-1820-H cylinder
and from 30 to 44 percent for the Pratt & Whitney R-2800-21 cylinder;
the average head temporature of the Viright R-1820-H coylinder vwas-
reducod sbout 40° F; the temperaturo at ome point on top of tho head
near the exhaust ear was roduced 1.04° I'; the avoraze head temperature
of the Pratt & Whitney E-2800-21 cylindor waa reduced approximately
23° F'; and the hottest point moasured on the cylinder hoad was reduced
about 35° T, :
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INTRODUCTION

Most of the single~cylinder cooling tests conducted by the NACA
to date have been made using baffles that fitted tightly against the
fin tips because tests on electrically heated cylinder barrels (refer-
ence 1) indicated that the best cooling of the barrels was obtalned
with this baffle condition. The cylindars of referesnce 1 had fins
of constant wildth, Fin width at any pcint along the fin 1s defined
ag the shortest distance botween the fin hase end the fin tip at the
point in question, TFlight tesgts of several baffles showed, moreover,
that best heat transfcr was obtained when the baffles were placed
close to the fin tips (reference 2),

Reocent tests by the NACA on a Wright R-1820-H englime oylinder in
conjJunction with baffles (of MACA design), which fitted tightly against
the fin tips eround the rear 2all of the cylinder, showed several hot
spots on the cylinder head near the exnamwst ocer that resulted In high
average cylinder temparatures. Examinatlion of the cylinder showed a
large varilation in the width of the individual fins from the front to
the rear of the cylinder head, especialliy in the arsa around tho exhaust
ear. For the baffles in close contact with tie fin tips, the variation
of width of individual fins caused a similar verletion In cross-
sectlonal area of the individual flow paths. At points the fins were
very naerrow and the restrictions were very bad, reducing the area in
some ceses to one fourth of the arca upstream of tho restriction. It
was belleved that these large reductions in freo-flow area greatly
restricted the flow and, thorefore, that the cooling was impaired in
front of and behind the restrictions, where tho fin width was large
and the local mass flow pv was small., The local mess flow pv, as
referred to herein, is the product of the density p and the velocity wv.

The tight-fitiing befflos wore theirefore modified to oliminate
those restrictions for the Wright crlindor. These modiflied baffles
gavo a conssanc free-flow area throughout cach interfiin alr passagoe by
providing varying clearance botweon the bafflos and the fin tips.
Cooling toste of the two typos of balflo wore made on the Wright cyl-
Inder mourtod on a sirglo-cylinder crankcase, As a result of those
baffle tosts for the Wrigbt cylinder, the two types of baffle wore also
tested on a Pratt & Whitney R-2800~21 cylindor mounted on & singlo-
cy¥lindor crankcaso.

The detrimontal effoct of rostrictions in tho interfin flow paths
was aleo notod 1n roforonco 3, The bafflcs of a Pratt & Whitnoy
R-1830-43 englno woro modifiod to eliminetc some of those rostrictions
with a consoquont lmprovoment In cylindor cocoling,

The purpose of tho prosent report ls to present e ccmpailson
botween the cooling obtalned with tight-fitting baffles and the cooling
obtoained with baffles rovisod to givo a constant froo-flow arca fram
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the front to the rear of each interfin air passage. Both of these
types of baffle were of NACA design. Cooling tests at sea-lavel
conditions were made of each cylinder at constant fuel-air ratio and

at constant power over a range of cooling-air pressure drop. The

work was conductad at Langlsy Memorial Aeronauticel Laboratory, Langley
Field, Va., from July to Septembar 19,2.

v .

APPARATUS AND PROCEDURE-

Test units. - The setup of the test squipment is shown in fig-
ure 1, A cylinder from a Wright R-1820-H engine and one from a
Pratt & Whitney R-2300-21 ~ngine were used. Each cylinder was
mounted on a single~-cylinder crankcass. A centrifugal blower sup—~
plied cooling air to the engine through a duct, The cooling-air
quantity was measured by thin-plate orifices mounted in the end of a
tank connected to the inlet of the blow-r. A water breke and an
electric dynamometer absorbed thz power developed by the engine.
Engine speed, ‘torgue, and fuel consumption were measured with standerd
test-engine equipment. A Nash blower provided combustion air at
desired manifold pressurss. A surge tank was installed in the
conbustion-air system zhead of the carburetor.

Raffles. - Sketches of the two types cf baffle (both of NACA
design) used for both cylinders are shown in figures 2 and 3. The
baf{les were connected to the blower duct by means of an adapter, as
indicated in figure 2, and covered nly the rear lLalf of the cylinder
head and barrel. The bafile-adapter ccnbination, hereinafter dennted
a jacket, enclosed the cylinder. The adapter formed a wide entrance
section (see fig. 2) for the jacket giving low-velocity cooling air
in front of tha cylinder. In the original jackets, the rear halfl of
the jackets fitted tightly against both the head and barrel fins, as
shown in figures 2 and 3,

The revised jackets were essentially the same as the originals
except that the portions of the Jackets over the heads of both cylin-
ders were modified to maintain a constant free-flow area from the
front to the rear of each interfin air passage. In the revision of
the jackets, the profiles of the head cooling fins of varying width
(the unshaded areas in figs. l; and 5) were used. The numbers below
the fins correspond to those in figures 2 and 3. - The fins over the
top of the Pratt & #hitney cylinder head are prefixed by a T; those
around the exhaust side, by an Ej and those around the intake side,
by an I. The restrictions to cooling-air flow in the original
jackets are especially noticeablz for fins 25, 26, 27, and 28 of fig-
ure 4 and fins T-1 and E-10 of figure 5. Templets (shown by the
sectioned areas) were made of a thickness equal to the fin pitch and
of a sufficient width to maintain a constant free-flow area from the
front to the rear of each interfin passage. The revised jackets
were made to fit over these templets.

/i
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Temperature~ and pressure-meesurlng devices. - Iron-oonstantan
tiermocouples in conJunction with a potenticmeter were used to measure
the cylinder temperatures. Temperature measurements wore made at
22 points or the kead, at 10 points on the barrsl, and at 2 points on
the flange, as shown in filgures 6 and 7., The temperature of the rear
gpark plug wvas measured by a thermocouple Imbedded In & speclal spark-
plug gasket. The cold Junctlons of all thermocouples vere located -
in an insulatad box. Temperatures 1n tke cold-junction dox, at the
thin-plate orifices, end in the combustlon-air surge tank were measured
with liquid-in-gless thormometera.

The cooling alr flowing over the cylirder Lkead was separated from
that flowing over the barrel by a partition (figs. 2 and 3). It wes
tlerefore possible to measure the temperature of the coolling air flowing
over the cylinder heed separately fram thet of the cooling alir flowving
over the barrel, - The alr-in temperature ln each case was msasured by
a set of two tkermocouples, elecirically commected In serles and located
akead of the cylirder; the alr-out temperature wms measured by a set of
four thermocouples, electrically conrected in series and loceted 1n tke
Jecket exlt. Lhe cooling-air pressure drop, wilch included the Jacket-
exlt loss, was measured by meexns of four equally spaced statlc openings
in tlie large alr duct alead of ile cylizder where the velocity pressure
was negligible., These openings were interconrected by a ring sur-
rounding the duct,

Tests, ~ The cylinders were first tested with the original Jackets,
Then the original Jackets were altered as previously described and the
cylinders were tested wlth the revised Jackeis. The Sests were con~-
ducived et a constant fuel-alr ratlo of 0.08 ard over a range of cooling-
alr prepsure diop from approximately 2 to 30 lnches of water, The
tosts wore run at a constant Indicated horsepower of 8C for the Wrilght
c¢ylinder and G6 for the Prati & Vhltney crlinder, whick 1s in each case
approximetely crulsing power.

RESTILTS AND DISCUSSION
Effect of Restriction 1n Cooling-Alr Flow

Patihs on Cylinder Temperaturo

C rison of cylindor temoratures obtalned with original and
rovised Jackouvas., - Table I gives diffurences botweon tlhe tempoerctures

at 32 points on the ¥Wright cylinder and the inlet cooling-alr temper-
aturo for two camparative sories of data, onc for the original Jacket
and ono for tho revised jackot. (See fig. 6 for location of thermo-

coupleas.) Tho avercge hoed tomperature Ty, 18 tho average of thermo-
couplos 13 and 15 through 34; the average barrell temperature T, 1s

the avorage of thermocouplos 2 through 11. EPEecause of small varlations

AE



NACA ARR E4D21 5

in cooling-air temperatures T, from run to run, the temperature
differences T, - T,, Ty = Ty, and Ty - T, were considered better
indexes of cooling than the cylinder “temperatures.

The tabke shows that the hottest measured head temperature, indi-
cated by thermocouple 31, wes reduced 63° ¥ by the revision and the
next three hottest head temperatures, indicated by thermocouples 30,
32, and 28, were lowered 104° F, 52° F, and 30° F, respectively,
Thermocouple 30 was located in fin space 21 and thermocouple 31 was
located in fin space 25, as shown 1a figures 2 and 6, These fin
spaces were of very lrregular shepe, as shown by figure 4. Tke re-
ductions in temperatures obtained b7 revising the Jacket to obtain
interfin passages with constant free-flow area show the poor cooling
that resulted, for the conditions of these tests, when the baffles
were fitted tightly against an irregulerly shaped fin,

The explanation for the reduction in cylinder temperature at ther-
mocouples 28 and 32 for the revised Jacket, even though these thermo-
couples vwere not located in an interfin passage of irregular shape,
is that the entire exhaugt side of the head was cooler because the fins
across the top of the head near the exhaust ear were used more effoec-
tively with the revised Jacket than with the original Jacket, It is
reasonavle to expect that at the same pressure drop there was little
difference in local mass flow betweon the fins at the polnt of minimum
fin width when eilther the original or the revised Jackot was used.
Therefore, any improvement obtalned witk the revised Jacket at this
point may be largely attributed to the increase in cooling obtained
at sections ahead of and bohind the restriction., The increase in
cooling at these sections is caused by the inocrcaso in mase flow
resulting from the rcmoval of the restriction. Cooling is probably
less sensitive to chapges of flow conditions when the maln portion of
the fin is upstream from the restriction than when it is downstroam
because the alr might havoe a tendency to soparatc from the fin-baso
purface end follow the innor surface of the baffle instead of swoeping
over tho entlre fin-purface area.

The data in table I show that the averago hoad, average barrel,
and rear spark-plug-gasket tamperatures of the VWright cylindor wore
roduced 42° F, 350 F, and 30° P, respectively, by tho rovision of the
Jackot, The Jacket rovisiomns cansed a roduction in temporeture over
the top of the hoad of approximatoly 60° F and an averago reduction in
tamporature of about 30° F for the lower portion of tho hoad having
ciroular fins, 8Since the revieion vas mado to only the portion of
tho Jacket that covered the top of the head, 1t is reasonablo for that
portlion of the head to be affocted more.by the rovislor than the lowor
portion., The decroase in barrol temperature is explained by tho faot
that tho head was cooler for tho rovisod Jacket, whlch caused a docrease
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in heat flow from the head to the barrel. 1In addition, the reduction
in piston temperatures resulting from the improved head cooling further
reduces the heat flow to the barrel (reference l).

Two factors that affect barrel temperatures are the heat given up
to the lubricating oll amd the blow-by past the piston rings. Because
the effect of these factors was not determined for the tests of this
cylinder, no conclusions can be drawn from the barrel tempsratures.

An examinstion of cooling data for the two jackets for this cylinder
did indicate, however, that the decrease in average barrel temperature
due to improved head cooling should be of the order of 60 percent of

the decreass in average head temperature. This examination consisted
in plotting average head temperature against average barrel temperature
for both jackets. The data were obtained from unpublished tests in
which the following items were varied: indicated horsepower, fuel-air
ratio, spark setting, carburetor-air temperature, and cooling-air pres-
sure drop. Thils plot showed an approximate relationship between aver-
age head and average barrel temperatures; and, for the range of temper-
ature considered in this paper, this relationship indicated that, for a
change in average head temperature, the average barrel temperature
should change by the amount previously mentioned. A further examination
of these cooling data indicated that the value shown in table I for ther-
mocouple 9 for the original jacket is erratic.

Table II gives the differences between the temperatures at 32 noints
on the Pratt & Whitney cylinder and the cooling-air temperature ahead of
the cylinder for two comparative series of data, one for the original
jacket and one for the revised jacket. (See fig, 7 for thermocouple
lncations.) The average head temperature T, 1is the average of temper-
atures of thermocouples 13 and 15 through 3l; the average barrel
temperature Tb is the average of thermocouples 2 throuagh 11.

Table II shows that the hottest head temperature, indicated by
thermocouple 29 (see fig. 7 for location), was lowered 35° F by the
revision. The next three hottest head temperatures, indicated by
thermocouple 31 (fin space T-16, fig. 3), thermocouple 3C (fin space T-9,
fig. 3), and thermocouple 27 (fin space E~13, fig. 3) were reduced 9° F,
22X F, and 25° F, respectively, by the revision of the jacket. Although
thermocouple 29 was not in an interfin passage, it was lccated directly
behind an irregularly shaped interfin passage, which explains the
reduction in temperature at this point cbtained by revising the jacket.
Several other thermocouples 1located in irregularly shaped interfin
passages were thermocouples 2, 25, and 32 (fin spaces I-3, I-3%, and
E-lL, respectively, fig. 3). The temperatures at thermocouples 2l
and 25 were reduced L4L° F and 16° F, respectively, but the temperature
at thermocouple 32 was iacreased 10° F by the revision., The average
hgad and rear spark-plug-gasket temperatures were reduced 23° F and
LL” ¥, respectively, by the revision.

el L. I 1. 1 11



MNACA ARR ™D21 7

The data in table II indicate that the average barrel temperature
was decreased 26° F. Inasmuch as .the head portion of the jacket was
the only part altered, the average barrel temperature could not have been
lowsred more- than the average head temperaturé. An examination of
cooling data (similar to the examination for the Wright cylinder) for
this cylinder indicated that the decrease in average barrel temperature
due to improved head cooling should be on the order of 70 percent of the
decrease in the average head temperature or that the average barrel
temperature should be decreased only about 16° F instead of 26° F for
a decrsase of 23° F in average head temperature. The apparent discrep-
ancy is belisved to be due to two factors. It was found that the oil
pressure to the cylinder-liner spray, which sprayed oil on the piston
at the bottom of the stroke, was greater for the tests of the revised
Jacket than for those of the original jacket. Tests were made to
determine the effect of this factor and it was found that the higher
oil pressure for the revised Jacket tests lowered the average barrel
temperature 6° F but had no effect on the average heail temperature.

The second factor is that the piston rings were replaced after the
original jacket was tested and before the revised jacket was tested.
Although no change in power was observed for wide-open throttle for the
two cases, it is belleved that the piston rings were not in as good con-
dition for the case of the original jacket as for that of the revised
jacket because of different lengths of service. The cylinder, therefore,
had more leakage past the plston rings for tests of the original jacket;
and the sweeping of the hot gas=2s over the inside cylinder wall caused
the average barrel temperature to be increased, which is a possible
explanation for the decrease in barrel temperature not accounted for by
the change in oil pressure. Because no change in power was observed
for the two cases, it is believed that the change in piston-ring con-
dition did not affect the average head temperature. Because this
inconsistency exists, no conclusions can be drawn from the barrel data.

Although the cylinder—-head temperatures were not lowered nearly
so much for the Pratt & Whitney cylinder as for the Wright cylinder,
they definitely show that the cooling of the Pratt & Whitney cylinder
was lmproved by the revision, It may be noted from figures ly'and- 5 that
the restrictions in the interfin passages are much less for the Pratt &
Whitney cylinder than for the Wright cylinder, especially for the case
of the interfin passages around the exhaust ear of the cylinder head.
(See fin spaces 19 to 2l in fig. |} and fin spaces T-10 to T-17 in
fig. 5.) The revisions to the jacket ovar the top of the head reduced
the average cylinder temparature in this locality only about 15° F,
but the revisions made on the sides of the head reduced the temperatures
around the lower portion of the head approximately 350 F

Effect of cooling-air pressure drop on average cylinder temper-—
ature. — The eifect of Lhe revision on average head and averaga barrel
Temperatures for the Wright cylinder and for the Pratt & Whitney cyl-
inder over a range of cooling-air pressure drop is graphically shown
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in figure 8. It is noted from figure 8(a) that, for a range of
prassure drop from 2 to 30 inches of water, the average head ten-
perature was reduced 30° F to LO® F and the average barrel tempera-
ture was lowered 20° F to 25° F by revising the tight-fitting jJacket
for ths Wiright cylinder. The reason for the reduction in barrel
temperature has been previously given. Figure 8(b) shows that the
average head temgerature for the Pratt & Whitney cylinder was lowered
approximately 20° F by the ravision. The curves indicate that the
average barrel temperature of the Pratt & Whitney cylinder was lowered
more than the average head temperature by the revision. This discrep-
ancy has been previously explained.

The curves also show that the revised jacket for the Wright cyl-
inder requires an average of approximately 60 percent of the pressure
drop required by the original jacket to maintain a given average head
temperature. The revised jacket for the Pratt & Whitney cylinder
rejuires an average of about 70 percent of the pressure drecp required
by the original jacket to maintain a given average head temperature.
Additional calculations showad that, even though the revised jackets
required more ccoling air for a given cooling pressure drop than the
original Jjackets, the cooling power for mairtaining a given average
head temperature was consideratly lower for the revised jacket because
of the great reduction in coolirg-air pressure drop. Cooling horse-

power is represented by 3 AO’ where Q 1is the quantity of air flow,
cubic feet per second, and Ap 1is the pressure drop across the cylinder,
pounds per square foot.

Effect of jackst revision on relationship betwsen rear spark-nlug~
gasket temperavire and average :zad ‘smneracurs. - Figure § gives the
ralationshio betwsen the rear :unark-tlug-gisket temperature and the
avera~e vead temporature for both cylinders with the two types of jacket.
Frem figure 9(a) this relaticashin is, by a coinciderce, the same for
the original and revised jackets for the Wright cylinder. Ffigure 9(b),
however, shors that tris relationshin is different for tbhe two jackets
for the ?Prat* % Whitney cylind.:r uver a ranre of averase head tem-
perature from 4CO° F to LBDC F, the rear spark-plug-pasket temperature
for tie revised jack~t is = average of about 22° F higher for a given
avera;e Lea:l tercaraturs thar chat for thz criginal jacket. For a
given cooliur-2ir nr-soure Aron, hovever, the rear spark-nlug-gasket
temparatiires for the two jackets are ghout Lh~? same, 23 is shown in
tablz IT. Peccuss the rcooling cerit-rion at the preseat time is the
rear spark-r.og terperat e and bzeause tha jucket 1id nct improve the
cocling ol ihe rear gpark nluz  the reviezed jacket will rejuire as large
a cooling pressur> drop as the criginsl jackat to maintzin a given rear
svark-plug temperature, evan theupl the other cylinder Lemperatures
are lower. .
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On the other hend, the rear spark-plug temperature is the cooling
criterion only because there are relationships between 1t and other
cylinder temperatures (average head and hot spots). These relation-
ships for a cylindsr are true.only. for a.given.set of baffles, If
“baffles other than those for which the rear spark-plug-temperature
limits were set are used, new spark-plug-temparature limits must be set
that give weight to average cylinder tempesratures and to hot-spot tem-
peratures. It must be noted that none of the baffles reported herein
were the manufacturers! baffles and therefore that the 1limits of the rear
spark-plug temperatures set by the manufacturers do not necessarily apply
to these baffles. Hence, the only fair bases on which to compare the
two types of baffle described in this paper are the average cylinder
temperatures and the hot—spot temperatures. From this viewpoint, it
appears that the Pratt & Whitney cylinder could be operated at higher
rear spark-plug temperatures (but at the same average head and hot-spot
temperatures) with the revised jacket than with the original jacket and
consequently at a lower cooling-air pressure drop,

Effect of Restrictions in Cooling-Air Flow
Patha on Cooling-Air Mass Flow

It may be seen in figure 10 that the cooling-air mass flow across
the heads of the cylinders for a given pressure drop was increased
approximately 36 percent for the Wright cylinder and from 30 to Ll per-
cent for the Fratt & Whitney cylinder by the revision. It is apparent
that the revision should increase the mass flow over the cylinder heads
because the free—flow area was increased. This increase in mass flow
may be considered a good measure of the restrictions present when tight-
Fitting baffles were used on these cylinders. Since the revision was
necessary for only a few of the passages, it can be seen that these
passages were restricted greatly by the nonuniform width of the indi-
vidual fins, Inasmuch as the barrel portion of the jacket was not
altered, the curves of figure 10 showing the mass flow across the
barrel should coincide for the two types of jacket for sach cylinder.

A fair check was obtained.

The increase in mass flow across the cylinder heads resulted in
some cases in the feeding of relatively fresh cooling air to the rear of
the passages. This effect is very desirable because, in general, the
cylinder temperatures are higher alt the rear than at the front of the
cylinder and the fresh cooling air would tend to reduce the rsar-
cylinder temperatures.

GENERAL DISCUSSION

The results of this investigation have shown that, for the con-
ditions of these tests, a large improvement in cooling can be obtained
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on cylinders having nonuniform width of the individual fins and tight~
fitting baffles by varying the clearance between the fin tips and the
baffles to maintain a constant interfin flow-path area. Examination
of several service-type engine cylinders with their production—-type
baffles has revealed simllar variatlons in the width of individual fins
and the use of fairly small clearances (1/8 to 5/16 in,) between the
baffles and the fin tips. The clearances between these production-type
baffles and the fin tips, however, are not so small as those of the
original baffles of this investigation. The authors believe, therefore,
that the improvemsent in cooling to be had by revising these production-
type baffles will not be quite so large as the improvement reported
herein,

Research on these air-cooled aircraft engines should be conducted
In order to determine the magnitude of the improvement obtalnable by
revising their production-type baffles in the manner previously
described, If such research irdicates that cooling is as sennitive
to the clearance between the baifles and the fin tips as was indicated
in the present tests, cars must be exercised in the construction of
baffles for multicylinder engines to make this clearance the same for
all the cylinders. This special care in baffle construction would
eliminate irregularities in tem erature distribution betwsen cylinders
resulting from veriestion in flow caused by a difference in baffles for
different cylinders. A revision of the nature described herein would
r.eitler increases the weight of the bafiles nor make the manufacture
ard instaellaticn of the baffles more difficult.

Even though the baffle revision described in this report tends
to offset cooling & fficulties resulting from fins cf irregular shape,
care should be exercised in future cylinder design to €liminate irreg-
ularities in fin shaps. Where it is imponssible tc eliminate these
irrsgularities in fin skape, however, the baffles should be designed
%0 ceorrect them.

The medified baffle of the present investigation fitted tightly
against the {fin tips over the entire rear half of the cylinder where
the individual fins were of uniform width. Other than removing the
restrictions in the interf(in passages, no attempt was made to obtain
a uniform temperature distribution around the cylinder. Other
irvestigators (references 3 and 5) have found that a more uniform
temperature distribution and also a reduction in temperature at the
rear of the cylinder may be obtained by leaving a clearance between
the baffles and the fin tips at the leading edge of the baffle and by
making thz balfle fit tightly against the fin tips at orly the rearmost
portion of the cylinder, Even though the temperatures at the front
of the cylindsar were incrzased by this revision, the critical temper-
atures at the rear of the cylinder were reduced. This baffle modifi-
cation merits conslderation bscause the temperatures at the rear of

'y
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the cylinder are almost invariably higher than those at the front and
also because it is usually desirable to have a uniform temperature
~ distribution around the cylinder. SO - -

SUMMARY OF RESULTS

For the Wright R~1820-H and the Fratt & Whitney R-2800-21 cylinders
having fins of nonuniform width, the major resulis obtained with tight-
fitting baffles revised to maintain a constant free—flow area from the
front to the rear of each interfin air passage were:

1. The welght of cooling air flowlng across the cylinder heads
for a given pressure drop was increased approximately 36 percent for
the Wright cylinder and from 30 to Ll percent for the Pratt & Whitney
cylinder,

2. The average head tmperature of the Wright cylinder was reduced
about 4O° F and the temperature at one point on top of the head near
the exhaust ear was reduced 10,° F.

3. The average head temoerature of the Pratt & Whitney cylinder
was reduced approximatsly 23° F and the hottest polnt measured on the
cylinder head (thermocoupls 29) was reduced 35”

Alreraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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TABLE I. - COMPARISON OF INDIVIDUAL AND AVERAGE CYLINDER
TEMPERATURES OBTAINED ITH ORIGINAL AND REVISED
JACKETS ON A WRIGHT R-1820-H CYLINDER

Original} Revised
. acket | Jacket
Cooling-air pressure drop, in. water .10 5.02
Indicated horsepower 60 80
Tuel-alr ratio 0.08 0.08
— Head temperature minus
T cooling~air temger— T, - T,|T, - T, | Reduc~
Thermocouple ature, °F x a "x a tion
number l —_
13 230 302 28
1 281 22
; Bt | | A
1 187 181 6
1 219 221 -2
19 31 288 27
20 32
21 212 280 22
22 328 253 ﬁﬁ
2 253 209
2 168 157 1
25 228 21 10
gé 191 121 5%
b) 2 7
2 33@ 356 30
29 61 321 Lo
30 162 5R 1ChL
32 s | 3 | &
3 383 321 L8
3 3L6 280 66
Barrel te i;atuie ginus
_ cooling-air temper—~ - - &
Thez:z le number ature, °F Tx = TalTx = Ta R:gg:
v J —>
2 223 203 20
3 223
: A A
: AR AR
9 9
195 160
5 e | 1 2
10 20 17 i
11 23 208 26
Rverage head temperature minus
cooling-air temperature (Ty-Tg),°F 311 269 2
Average barrel temperature minus
cooling-air temperature (Tb—Ta),°F 215 180 25
Rear spark-plug-gasket temperature
minus cooling-air temperature,°F 351 321 30
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TABLE II. — COMPARISON OF INDIVIDUAL AND AVERAGE CYLINDER
TEMT'ERATURES OBTAINED WITH ORIGINAL AND RTVISED JACKETS
ON A PRATT & WHITMNEY R-2800-21 CYLINDER

Original|Revised
acket | jacket
Cooling-sir pressure drop, in. water|{ 11.2 11.5 |= J:
| Tndicated horsepower 73 % o .
Fuel-alr ratio 0.08 0.
Head iemperiigre Tin%s
coo —air er— - - -
Thermocouple g ature?mgF Tx Tal Tx Ta R:gg:
number l \\"‘~::fl
13 230 216 1l
15 2Ll 160 17
16 220 186 3
1 175 1,7 2
1 172 150 22
19 213 16 29
|
9 17 27
22 298 150 33
2 20 19%
2 14,9 1L ﬁ
25 190 17 1
26 11), ﬁ 1
27 275 246 22
28 25, 248 6
29 320 235 35
30 285 263 2
31 307 268 9
32 23l 2 -10
3 207
3 245 217 28
~__ Barrel temperature minus
Therm;:~\"“ cooling-air temper—| Ty, - T,|Ty - T, | Reduc-
_ atur=, “F tion
couple number J, —
2 155 100 53
3 127 98 29
L 108 81 27
g 116 95 21
1y 12 21
g 11 g 21
1l 7 17
.9 122 Ga 2l
10 120 Gl 29
11 136 110 26
Average head temperature minus
cooling-air temperature (Ty~Ta),°F 222 199 23
Average barrel temperature minus
cooling-air temperature (Tp-Ty),°F 12k 98 26
Rear syark-plug-,;asket temuerature
minus cooling-air temperature, °F 232 228 L
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Figure 1. - Setup of single-cylinder test unit.
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FIGURE 2.-GENERAL OUTLINE OF ORIGINAL AND REVISED JACKETS
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FIGURE 4.- RELATIVE POSITIONS OF ORIGINAL AND
REVISED JACKETS WITH RESPECT TO FIN TIPS OF WRIGHT
R-1820-H CYLINDER HEAD. HATCHING INDICATES
AMOUNT BAFFLE WAS BROUGHT OUT FROM
ORIGINAL POSITION IN ORDER TO OBTAIN A CONSTANT
FLOW- PATH AREA.
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T-18 HEAD. HATCHING INDICATES AMOUNT BAFFLE
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NACA NACA
C-20781 C-20783

Figure 6.~ Three views of Wright R-1820-H cylinder showing
location of thermocouples.
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Figure 7.

- Three views of Pratt and Whitney R-2800-21 cylinder
showing location of thermocouples.
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(b) Pratt & Whithey R-2800-2I cylinder. Indicated horsepower, 66.

Figure 8.— Effect of jacket design on average head and average barrel! temperature
(corrected for variations in cooling-air temperature). Fuel—air ratio, 0.08.



Rear spark-plug-gasket temperature, °F
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Figure 9.— Variation of rear spark-plug-gasket temperature with average head temperature.

(b) Pratt & Whitney R—2800~2I cylinder.
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Gooling-air mass flow, |b per sec
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- (a) Wright R-1820-H cylinder.

Figure 10,— Effect of jacket revision on cooling-air mass flow.

(b) Pratt & Whitney R-2800-2i cylinder.
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